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DAMPTRG IN YAW AND STATTC DIRECTIORAI. STABIT.ITY OF A
CANARD ATRPLANE MODEL: AND OF SEVERAL. MODELS HAVING
FUSETAGES OF RELATIVELY FLAT CROSS SECTION

By Joseph L. Johnson
SUMMARY

An investigation has been made to determine the damping in yaw and
static directional stasbllity cheracteristics for s flat-fuselage model
heving its major cross-sectionsl exis either horizontsl or vertical, for
a flat-fuselage model having its major axis horizontal in combination
with a 45° sweptback wing, and for a cenard model having a triangular
horizontal control surface and s 45° sweptback wing.

The results of the lnvestigation showed that, at high angles of
attack, the cenard model and the flat-fuselage models with major exis
horizontal had negative damping In yaw and positive statlc directional
stability with talls off because of a sidewash which effectively reversed
the angle of sldeslip over the fuselage. Thlsgs sidewash caused the direc-
tlonal stebllity contributed by & vértical tall on the fuselage to be
reduced, but it reinforced the yawing flow at the rear of the fuselage
so that the damping in yaw contributed by thls vertical tail was Ilncreased.
For the flast fuselage with majJor sxis vertical, the damping Iin yaw was
positive and the static directional stebillity was negative over the angle-
of-attack range, and a vertical tail at the rear of this fuselage contrib-
uted a stebilizing increment 4o both the static and damping derivatives.
Wing-tip talils loceted out of the sidewash field generally increased both
the damping in yaw and statlic dlrectional stability.

INTRODUCTION

Several investlgations have recently been made to determine the
static steblility of cansrd airplane models snd of several models having
fuselages of relatively flat cross sectiuvn (references 1 to 3). These
Investigations showed that at the higher angles of attack sidewash from
the horizontal control surface of the canerd models or from the nose of

 —
UNCLASSIFIED



2 T NACA RM L50H30a

the flat-fuselage models with major axis horizontal caused an effective
reversal in the direction of sideslip of the fuselage which resulted in
the models having large positive values of directlonal stability with
vertical tail off. A preliminary analysis indicated that the sidewash
over the fuselage occurring at high angles of attack would prcbably also
have an effect on the damping In yaw of these models., Free-~oscillation
tests were therefore made to determine the values of Cp;, the rate of

change of yewing-moment coefficient with yawing angular velocity, for a
flat-fuselage model with majJor axis vertical and also with major axis
horizontal (identical to models of reference 1), for a flat-fuselage
model with major asxis horizontel in combination with a 45° sweptback wing,
and for a canard model having e triangular horizontel control surface

and 45° sweptback wing. The effect of a vertical tail located at the
rear of the fuselage was determined for each model investigated. Tests
were also made to determine the static directional stebility of some of
the configurations studled in the demping tests. -

SYMBOLS AND COEFFICIENTS

Al1]1 forces and moments are referred to the stabllity sxes originating
at the center of gravity of each model. (See figs. 1 and 2.)

S wing area, square feet

b wing span, feet

R Reynolds number

o) density of alr, slugs per cubic foot

o angle of sttack of fuselage center line, degrees
v airspeed, feet per second

¥ angle of yaw, degrees

B anéle of sidesllp, degrees

r yawing angular velocity, radians per second
Cr, 1ift coefficient [-Eift
Sovas
Cy lateral force coefficient Lateial force
EpVQS
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Cn yawing-moment coefficlent Yewing moment
lpVESb
2
Cnﬁ rate of change of yawing-moment coefficient with angle of

sideslip (3Cp/0R)

rate of change of yawlng-moment coefficient with yawing

Cn.
engular velocity (30,1/3;—3)

r

APPARATUS AND MODELS

The free-oscillatlon tests were conducted in the Langley free-flight
tunnel on a stand which permitted the model to have freedom in yaw only.
A description of the test apperatiis is given in reference k. Force tests
to determine the dlrectlonal stgbllity of the models were made on the
six—com;)aonent balance In the Langley free-flight tunnel. (See refer-

nce 5.

Three-view drawings of the models are presented In figure 2 and a
list of the dimensionsl characteristics of the models 1s given in table I.

TESTS

Free-oscllliation tests were made by the method described in refer-
ence 4 to determine the values of the demping-in-yaw derivative Cnyp

over an angle-of-attack range wlith vertical tails off and on for each
model. All the demping tests were run st a dynamic pressure of 1.2 pounds
per square foot which corresponds to an airspeed of epproximastely 31.2 feet
per second at standerd seas-level conditlons and to an effective Reynolds
number renge of 171,000 to 275,000 based on the mean serodynsmic chords

of the models 1nvestigated.

Force tests were made to obtain the directional staebility charac-
teristics of the same configurations tested by the free-oscillation
method. The static-lateral-stability data presented herein v are ob't.ained
by determining the difference between moments measured at 5 and -5° yaw
over an angle-of-gttack renge. In order to determine how well these data
represented the varistion of the directlional stablility at higher angles
of yaw, the lateral derivetives were also detemined for a few conditions
from tests made over an engle-of-ysw range from 20° to -20° at constant
engle-of-attack settings. All force tests were made within a dynemic-
pressure range from 2.0 to 4.1 pounde per square foot which corresponded
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to an effective Reynolds number range from 318,500 to 443,000 based on
the mean aerodynsmic chord of the models investigated.

All models were tested with and without a vertical tail located at
the rear of the fuselage. Models 3 and 4 were tested with and without
tip talls and model 3 was tested with 1egding-edg¢ fleps off and on.

Streamers of string were attached to model 2 to determine the direc-
tlon of the .flow around the model at high angles of attack whille the
model was oscillating In yaw. A study of the flow around this model for
a sides%ip condition was made in a previous investigation. (See refer-
ence 1.

RESULTS AND DISCUSSION

The results of the investigatlon are presented in texrms of the
directional-stability peremeter Cnﬁ and the damping-Iin-yaw param-

eter -Cnr. Since CnB indicates positive directional stability and

-Cnr indicates positive damping, all the resulﬁq_ﬁppgaring above the

origins in the figures represent either positive static stability or
positive damping in yew. The data for the flat-fuselage models (models 1
and 2) are based on an arbitrarily chosen wing having a span of 3.5 feet
and an area of 2.98 square feet (fig. 1(a)).

The velues of CnB presented in the report were, in most cases,

determined from test dste obtained at 5° and -5° yaw. The values of Cnr

were determined from yawing oscillations whose amplitudes ranged from 20°
to 0°. The results of some static tests over the yaw range on these
models (date not presented), together with the results of references 1

to 3, indicete that the results obtained at 5° and -5° yaw apply up to
yaw angles as high as 20° except In the case in which a vertical tail is
located on the fuselage. For this case of the vertical taill on the fuse-
lage the dsta presented herein were obtained from tests made over the yaw
range, and values of Cnﬁ'_and Cny are presented for both the low and
high angles~of-yaw ranges. The results designated "low ¥'s" in the
flgures apply to angles of yaw or amplitudes of the oscillation up to
approximately #5° and the results designated "high ¥'s" apply to angles
of yaw or smplitudes of the oscillation between approximately 10° and 20°.

The data of ‘the present investigatlon as well as those of refer-
ences 1 to 3, were obtained at low scale (R = 171,000 to 483,000), but a
comparison of these data with the higher scale data cobtained at the Ames
Aeronautical Lsboratory (not generally available) (R = 3,700,000, M = 1.k4)



NACA RM L50H30a . O 5

indicate that the results of these low-scale Investigstions are similar
t0 results obtained at higher Reynolds pnumbers and Mach numbers.

Flat-Fuselage Models
(Models 1 and 2)

Results of CnB end Cn, tests.- The results of tests of the flat-

fuselage models with major axls verticel snd major exis horizontal are
presented in figure 3. The static~-directional-stebllity data for these
models were obtained from reference 1. For convenience in presentation,
models 1 and 2 of this report have been given opposite designations from
those of reference 1.

The model with major axis vertical (model 1) was directionally
unstable at low angles of attack and became Increasingly unsteble as the
angle of attack incressed. The damping in yaw for this particular model
was positive (-Cnr) over the angle-of-attack range and increased with
increasing angle of atbtack. With the major axils horizontal (model 2),
the model was slightly directionally unstable at low angles of attack
but became directlonally stable as the angle of attack was increased.
The damping in yaw for this configuratlion wes negative oyer most of the
angle-of-attack range and the model became more unstable with increasing
engle of attack.

When e vertical tail was placed at the rear of the fuselage with
major axis vertical, the contributlon to the static stability and demping
in yaw was stebllizing at angles of attack of both 0° and 32°. For the
fuselsge with the major axlis horizontal, the verticel tall gave s stabi-
_1lizing increment to the static stebility at 0° angle of attack. At an
angle of attack of 320, however, the sidewash on the fuselage caused the
vertical tail to be stetically destabilizing st smell angles of yaw. At
the higher yaw angles the tail was out of the strongest portion of the
sldevash field and therefore acted in a normal menner, that is, to glve
e stebilizing increment to the directional stebllity. The tail contri-
bution to the damping in yaw was stabilizing for this model at angles of
attack of both 0° and 32°. At 32° angle of attack, however, the side-
wash at the tail apparently reinforced the yewing flow so that the
demping of the.tail was much grester than at 0° angle of attack. At 32°
angle of attack, the damping of the tail was slightly grester st low
engles of yew than st the high angles of yew because the tall was
partiselly out of the sidewash field at the higher yaw angles.

Results of flow survey tests.- The results shown in figure 3 can be
explained by the diagrams of figure 4, in which the representetive flow
snd forces acting on these models at an angle of attack of 32° are shown
in both the statlc and dynamic conditions. Consider first the fuselage
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with mejor axis vertical in a positive sideslip (fig. 4(a)). The flow
over the body caused a side force to the left and, since the center of
gravity was resrward to correspond to & cenard or tallless-type alrplane,
this side force produced a negstive yawing moment and a statically
unsteble condition -Cnﬁ)- The flow over the vertical teil at the rear

of this fuselage caused a side force to the left which produced a posi-~
tive yawing moment about the center of gravity, and therefore a stabi-
1izing increment to the directional stability («cnﬂ).

When the fuselage with major axis horizontal was in a positive side-
slip (fig. ¥(b)), the flat nose caused a reversal in the direction of
flow over the complete length of the fuselage. This sidewash produced
an effective reversal in sideslip which resulted in a side force to the
right, even though the model was in a positive sideslip. This side force
gave g positive yawing moment about the center of gravity, and hence posi-
tive directional stability +an « The sldewash acted on the vertical tail

to give a side force to the right, which produced a negative increment of
directional stability —CnB . At the higher angles of yaw, the vertical

tall moved partly out of the sidewash field and acted in a more normal men-
ner to give a positive increment of static stability.

Presented in figures 4(c) and 4(d) are diagrams showing the two
models 1n positive yawlng flow. For the fuselage with maJjJor axis vertical
(fig. 4{(c)) the positive yswing velocity caused a side force to the left
that produced a negative yawing moment about the center of gravity. Since
this yawing moment wes in a direction to oppose the yawlng motion, the
model had positive damping (-Cnr)- The flow at the rear of the fuselage

acted on the vertical tall to give a side force to the right that pro-
duced a negative yawing moment and therefore positive damping.

When the fuselage with major sxis horizontal (fig. 4(d)) was in
positive yawing flow, there was a reversal in the directicn of flow at
the nose, similar to that found in the static tests, which caused a sgide
force to the right. This side force produced a positive yawing moment
gbout the center of gravity and therefore negative damping (+Cnr)- At

the rear of the fuselage the slidewash reinforced the yawing flow so that
the side force to the right produced by the vertical tall was greater
than that obtalned from the vertical tail on the fuselage with major axis
vertical. This greater side force therefore caused the damping in yaw to
be greater than that obtained from the vertical tail on the fuselage with
mejJor axis vertical.
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Flat-Fuselage Model with 45° Sweptback Wing
(Model 3)

Leading-edge flap off.- The results of the tests of the model having
a flat fuselage with major axis horizontal and a 145° sweptback wing
(model 3) are presented in figure 5. The static directional staebility
of the model with vertical talls off increased from a smell negative
value at low angles of attack to fairly high positive values at the
higher angles of attack in a manner similar to that for the flat fuselage
with major axis horizontal (model 2). When the tip tails were added to
model 3, a positive Increment of directionsal stability was obtalned over
the angle-of-attack range.

The damping in yaw of the model wilith vertical talls off was slightly
positive (-an-) at O° angle .of attack but decreased and became negative
with increasing angle of attack up to an angle of attack of 16°. With a
further increase 1n angle of attack the damping increesed rapidly and had
g large positive value at an angle of attack of 32°. A comparison of
these results with those for model 2 (fig. 3) shows the same trend up to
an angle of attack of sbout 16°. The fact that the damping again becsame
positive at higher angles of attack for model 3 was attributed to the
high drag at the wing tips caused by wing-tip stall. The date of refer-
ence 6 indicate that wing drag may contribute an .aspprecisble increment
of yawing moment due to yawing. This drag force gpparently produced a
damping moment which overcame the negative damping of the fuselage and
resulted in large values of -Cn, at the high angles of attack. The
addition of the tlp tails to the model resulted in positive damplng over
the angle-of-ettack renge and & stabllizing increment of damping up to
an angle of attack of 22°. Beyond this point the damping of this con-
Tiguration was less than that for the model with all tails off. The
reason for the model having greater damping at the higher angles of
attack with tails off then with talls on is probably that the tip tails
reduced the wing-tip drag which was causing the high damping with tails
off.

Leading-edge flap on.- The addition of a leading-edge flap to the
model reduced the directlionel stability in the higher angle-of-attack
range with tip tails either on or off. When the model with leading-edge
flap on was tested with a vertical tail on the fuselage (and tip talls
off), it was found that the sidewash caused the vertical taill to be
directlionally destabilizing at an angle of attack of 32 for low angles
of yaw. AL the higher angles of yaw, however, this tail was partially
out of the sldewash field and therefore acted in a more normsl menner
to give a positive increment of Cnﬁ' SimiJlar effects of the sidewash

field on the center verticel tall were noted for model 2.
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The damping in yaw of the model with leading-edge flap on and tip
teils either off or on was greater up to an angle of attack of about 20°
than that for the model with leading-edge flap off. At the higher angles
of attack, however, the damping was less than that for the model with
leading-edge flep off and, as 1n the flap-off case, the damping was
greater with tip tails off than the demping with tip tails on. The
reduction in damping at the higher angles of attack was attributed to
the effect of the leading-edge flap on the drag characteristics of the
wing. Preliminary longltudinal force testa indicated that the addition
of the leading~edge flap to the model decreased the drag at the high
demping of the wing. When the flsp-on configuration was tested with a
center tall alone, a very large stsbilizing damping Increment was
obtained, and this increment was about twlce as great at low angles of
yew as at the high angles of yaw. This variation with angle of yaw in
the damping produced by the vertical tail 1is much greater than that
obtained for model 2.

Cansrd Model
(Model L)

The results of tests made to determine the directionsl stability
and damping in yaw of the canard configuration having s triangulsr hori-
zontal control surface and a 45° sweptback wing (model 4) are presented
in figure 6. The results show that, for the model with all vertical
tails off, the directional stability increased from a negative wvalue st
low angles of attack to a falrly high positive value at moderate engles
of attack end then decreased sllghtly with a further increase in sngle
of atteck. The configurstion with tip tails on gave positive static
stabllity at low angles of attack, and the tip talls contributed an
approximately constant stsbilizing increment to the directional stability
over the angle-of-attack range. These resulis indicated that the vertical
tails were out of the strongest portion of the sidewash fleld as in the
case of model 3. Results of tests made at low angles of yaw with the
center and tip tails (represented by symbol in fig. 6) show less direc-
tional stability than with tip tails alone, indicating that the center
tall was in the sidewash field and that it comntributed a negetive incre-
ment to the directlonal stebility as In the case of models 2 and 3. No
tests were made at the higher angles of yaw for this model in the three
tail configurations but, on the hasis of results of models 2 and 3, the
center tail would be expected to contribute a stabillzing increment in
the higher yaw range.

The damping-in-yaw data of figure 6 show a decrease in dsmping =zs
the angle of attack increased for both the tip-talls-off and tip-tails-on
configurations. These results are similar to the resulte for model 3



zl

NACA RM L50H3Os - 9

over the angle-of-sttack range covered by model 4. Since model 4 stalled
at & much lower angle of attack than model 3, the tests were made for a
lower angle-of-sttack range (0° to 20°) then that covered with model 3
(0° to 32°). At angles of attack sbove 20° the damping for model %
should be expected to be similar to that for model 3 becsuse the wings
of the two models are identical and because it has been shown that wing-
tip dreg is an important contributing factor to damping in yaw at high
angles of attack (reference 6). As in the case of model 3, the addition
of & tail on the fuselsge of model 4 increased the damping. There was
little difference between the damping at high and at low angles of yaw
for the model in the three-tail configuration.

CONCLUDING REMARKS

The following conclusions were drawn from the results of the investi-
gation to determine the damping in yaw and static directional stability
of a fuselage model having its major exis either horizontal or verticsl, a
flat-fuselage model in combination with a h5 sweptback wing, and a canard
model having a triangular horizontal control surface and L45° sweptback
wing:

1. At high aengles of attack the flat-fuselage models with major
axis horizontal and the canard model had negetlve damping and positive
directionel stability with tails off because of a sidewash over the
fuselage which effectively reversed the angle of sideslip. This side-
wash caused the directional stability contributed by a vertical tail on
the fuselage to be reduced, but 1t reinforced the yawing flow at the
rear of the fuselage so that the damping in yaw contributed by this
vertical tail was Increased.

2. The directional stability of the flat fuselage with majJor axis
vertical was negative and the damping in yaw was positive over the angle-
of-attack range. A vertical tail at the rear of this fuselsge contrib-
uted a stebllizing increment to both the static stability and demping
derivatives.

3. Wing-tip tails located ocut of the sidewash field generally
increased both the damping In ysw and the static directional stability.

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautics !
Langley Air Force Base, Va.



10

oERERy NACA RM L50H3Oa

REFERENCES

Bates, Willlam R.: Static Stability of Fuselages Having a Relatively
Flat Cross Section. NACA RM L9I06a, 1949.

Bates, William R.: Low-Speed Static Lateral Stability Characteristics
of a Canard Model Having a 60° Trlangular Wing and Horizontal Taill.
NACA RM 1L9J12, 1949.

. Draper, John W.: Low- Speed Static Stebility Characteristics of a

Canard Model with a 45 Sweptback Wing and a 60° Triangular Hori-
zontal Control Surface. NACA RM L50Gli, 1950.

Campbell, John P., snd Mathews, Ward O.: Experimental Determination
of the Yawing Moment Due to Yawing Contributed by the Wing, Fuselsge,
and Vertical Tail of a Midwing Airplane Model. NACA ARR 3F28, 1943.

Shortal, Joseph A., and Draper, John W.: Free-Flight-Tunnel Investi-
gation of the Effect of the Fuselage Length and the Aspect Retio and
Size of the Vertical Teil on Lateral Stebility and Control. KACA
ARR 3D1T7, 1943.

Toll, Thomas A., and Queijo, M. J.: Approximate Relations and Charts
for Low-Speed Stability Derivatives of Swept Wings. NACA TN 1581,
1948.



NACA RM L50H30a ol 11

TABLE T
DIMENSTONAL, CHARACTERISTICS OF MODEILS USED IN LANGLEY
FREE-FLIGHT-TUNREL INVESTIGATION
Fuselage Model with Major Cross-Sectional
Axis Vertical or Horizontal
(Models 1 and 2)

Fuselage: ) '
Over-all length, £t « « « « « « 4 « « s =« « o o 2 s+ o = o « « « k.00
Cross section . « ¢« ¢ o « « ¢ o« o o« o « s« a« « o o« a s «» o Blliptical
Model 1 e« o ¢ ¢ o ¢ o o a o o s s « a« o o o @ NACA 0007
Flen form {ModelE...................NACAOOllI-
Model 1 v & v ¢ v « o o« « o = « « « « « « NACA 001k
Side elevation {Model 2 v e u e e e e e e e+ u... NACA OOOT
Volume, cubic ft e 5 8 e & o & & & e & o & v s e & e & o i 0.271

Vertical teil:
Area, sq £t . ¢« ¢ ¢ ¢ ¢ ¢ 4 4 e a4t 4 4 e 2 e s s s e e & o @ 0.272
Span, ft « s s e & & s e @ 8 6 8 2 8 s & s e s+ a8 e s 2 e o« o« 0.73
Root chord, ft e e e 8 e s e e s e s e s e s e e e s e e 0.4h95
Taper ratio . ¢ ¢ ¢« o ¢ ¢ ¢ o o o o o s o a o« » s &« « s o & 0.505
Aspect ratio . . . 4 f 4 i e e e e e s e e e s s e e e e e s . 1.96

Canard and Flat-Fuselage Models Having a 45° Sweptback Wing
(Models 3 end L)

Wing:

Airfoil section . . « e o« s« o « = e o« « =« « . NACA 0OO12
Area, sq £t . . . . . 5.33
Span, 5 ¢ ¢« « o 4 « o o« ¢ o . e
Aspect ratio o o o e e e s « s s s s s s s « « s« s« 3.00
Incidence, deg o 4 o & e & o a & 8 s & 2 s s s s s 5 s e & s e a o]
Dihedral, A€ « ¢« « « ¢ o « o o s « o o « = e & o o s s« o a a « & o
Taper rablo « 2 o « o« ¢ o ¢ o ¢« o o ¢ o « o o o s« o o o o o s &« 6.5
M.A.C., % c e e o v s s s s e s s s wts e s s e e e oas e . 1.383

Root chord, ft T

Tip tails: -
Area, sq £t (2 tails) . &« « ¢ ¢ ¢« ¢ ¢ 4 ¢« « 4 e 4 o s s . .« . 0,533
SPAN, £ ¢ ¢ o o ¢ « o « o & « o o 8 e s s 4 &« 2 s 2 e o+ o« 0.63
Root chord, £ « & ¢« « « o o « o o ¢ s o o o « o ¢« ¢« & + « « 0.562
Taper TBLE1I0 « ¢ ¢« ¢ ¢« o« ¢« ¢ 4 s o o o a = o a o ¢« a a =« o« « « « 0.50
Aspect ratio e s s s s e s s e s s e e e e e e e aeeee. 1.k

oty Ol
~NACR>
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TABLE T
DIMENSIONAL CHARACTERISTICS OF MODELS USED IN LANGLEY
FREE-FLIGHT-TUNREL INVESTIGATION - Concluded

Center tail:
Area, 8 £t ¢« . ¢ ¢ ¢ ¢ o c i i e s et e e s e s e s e e e s 0.272
Bpan, £5 ¢ ¢ v ¢ 4 e d et e e e e e e e s T e e e e 0473
Root chord, £t « ¢ ¢ « ¢ & « o o o « o s o « « o o o« « « « « 0,495
Taper ratlo .« & ¢« 4 ¢ ¢ ¢ 4 & ¢ e o o s o o s s s e 2 8 o s s 0.505
Aspect TBEIO & i ¢ et b 4 bt 4 e o 6 s e e e e e e e e e e .. 1.96°

Horizontal control surface (canard. model (model 4) only)
Airfoil section . ¢« ¢« ¢ ¢ &« ¢ « ¢ ¢ o » o« e« o o+ o s +» =« « Flat plate
AT€8, BQ Tt o « « o « v o o o o s e e e s e e Eee . 0.800
SPan, £t ¢ ¢ tTh 4 e s 4 s 4 e a s s e s e e e e e e s e s e« 1.36
Sweepback, LiEB. ¢ ¢ « 4 ¢ o« ¢ « o 4 o s s o s s s o s s o o . . 60°
Aspect ratlo & & i ¢ 4 e h d i e b e s e e e e e e s s e = oa . 2.31

- ~ws
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WIND DIREGTION

'

Figure 1l.- The stabllity system of axes. Arrows indicate positive
directions of moments, forces, and control-surface deflections.
This system of axes is defined as an orthogonal system having
the origin at the center of gravity and in which the Z-axis is
in the plane of symmetry and perpendiculsr to the relative wind, -
the X-axls is in the plane of symmetry and perpendicular to the
Z-axis, and the Y-axis is perpendicular to the plane of symmetry.
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Figure 2.- Models used in the investigation.
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Cross section of leading —edge
2520  fip normd fo leading edge
of wing

Note: Fuseloge cross-section
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Figure 2.- Continued.
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Figure 2.- Concluded.
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